Ginting SP, Simanihuruk K, Antonius, Tarigan A. 2017. Pertumbuhan dan pemanfaatan pakan kambing persilangan Boer x Kacang yang diberi pakan komplit dengan kandungan protein dan energi berbeda. JITV 22(4): [188][189][190][191][192][193][194][195] The aim of this study was to evaluate the growth of and feed utilization by Boer x Kacang crosses goats fed on total mixed ration differing in protein and energy levels. Four total mixed rations combination were formulated to contain 16 and 18% crude protein and 2650 and 2850 Kcal ME/ kg DM (dried matter) energy density. Twenty-eight male Boer x Kacang crosses goats (14.5 ± 1.14 kg) and of age ranging from 4 to 5 months were randomly allocated to one of these four TMRs (total mixed rations) (7 animals/TMR). The effects of dietary treatment were assessed using the general linear model and significance of the diet effects was detected using Duncan's multiple range test. Dry matter intake increased as metabolizable energy density of diet increased from 2650 to 2850 Kcal/kg DM, but it is not affected by increasing crude protein level from 16 to 18%. The average daily gains were not improved (P>0.05) as the crude protein levels and metabolizable energy density of diet increased. Crude protein levels and ME density did not affect (P>0.05) the DM, OM and energy digestibility, but NDF digestibility was affected by the ME density of diets (P<0.05). Daily N intakes were greater (P<0.0%) in goats received diets higher in the crude protein and metabolizable energy levels. At this high rate of feed intake this type of goats are able to gain optimally when offered feed with crude protein level of 16% and metabolizable energy density of 2850 Kcal/kg DM.
INTRODUCTION
Crossbreeding schemes between introduced Boer goats and indigenous Kacang Goats have been undertaken at the Goat Research Institute at Sungai Putih, North Sumatera. The production performances evaluation of the Boer x Kacang crossbreds are currently in progress, and the ultimate goal of this program is to create a 50% Boer and 50% Kacang genotype with superior performance potentials compared to that of native Kacang goats, particularly in the trait of growth rate and body weight. It is generally accepted that crossbred genotypes would only express their performances to their genetic potentials when raised under optimum production system (Bryant et al. 2005) , in which nutrition plays a critical element. Improving the nutrition status of ruminants through increasing the intake of main nutrients such as crude protein and metabolizable energy resulted in increased dry matter intake and digestibility, N retention and liveweight gain (Rios-Rincon et al. 2014; Singh et al. 2013) . However, the magnitude of the responses vary greatly across breeds (Negesse et al. 2001; Hwangbo et al. 2009 ). This is indicative of different protein and energy requirements for maintenance and production of various genotype of goats under different production system.
In Indonesia, the integration of ruminant animals including goats with palm oil plantation is being promoted as one of the prospective production systems. The availability and efficient utilization of various types of feeds to support animal production under this production system play a vital role. The aim of this study was to evaluate the growth and feed utilization of Boer x Kacang crossbreds offered diets differing in the crude protein and metabolizable energy levels in the form of totally mixed ration and using palm oil fronds as the sole roughage.
MATERIALS AND METHODS

Diets, animals and experimental design
Four total mixed rations (TMR) using palm oil fronds as the sole roughage were formulated to have different crude protein levels (16% and 18%) and metabolizable energy levels (2650 Kcal/kg DM and 2850 Kcal/kg DM). Ingredients and the calculated chemical compositions (DM basis) of the four TMRs are presented in Table 1 . Oil palm fronds were obtained from the oil palm plantations. After removing the leaves, the stems were ground using shredder and mixed thoroughly with other ingredients. Twenty-eight male Boer x Kacang crossed goats of similar body weight (14.5±1.14 kg) and age (4 to 5 months old) were randomly allocated to one of the four dietary treatments each replicated seven times with one goat per replicate. Animals were put in individual metabolic cage equipped with troughs and water container. Feeds were offered ad libitum by allowing refusal at approximately 10%. The animals were fed twice daily at 08:00 and 14:00 each of equal amounts. Water was available at all the times. Animals were adapted to their pens and dietary treatments for 14 days and the feeding trial lasted for 90 days. During the feeding trial feeds offered and refusals were recorded daily while animal's body weights were measured biweekly. Following the feeding trial a digestion trial was performed during which offered feed and individual refusals, feces and urine were collected and sampled daily for five consecutive days. Faecal samples (10%) were collected and pooled by animal. Parts of the faecal samples were processed for DM determination (80°C for 48 h). Other parts were dried at 600°C, ground to pass through 1 mm screen and stored in refrigerator for laboratory analyses. Urine from individual animal was collected in plastic container containing 100 ml of 10% sulphuric acid to maintain pH below 3.0 and keep in a freezer until analysed. Blood was sampled at the end of the digestion trial from the jugular vein just before morning meal. Blood samples were stored at -20°C before analyses.
Laboratory analyses
Feeds, individual refusals, faeces were analyzed for dry matter (DM), organic matter (OM) and nitrogen according to the standard procedures (AOAC 2012) and for neutral detergent fiber (NDF) and acid detergent fiber (ADF) using the procedures described by Van Soest et al. (1991) . Urine was analyzed for nitrogen. Blood samples were analyzed for glucose and urea-N using Vitalab Flexor auto analyzer kits.
Statistical analyses
The experiment was arranged in a completely randomized design with a 2 x 2 factorial arrangement. Each treatment consisted of seven replicates. The effects of dietary treatments on daily gains, intake, digestibility, nitrogen balances, blood metabolites were Calculated assessed statistically using analysis of variance and a general linear model (GLM) procedure in SAS (1989) .
+ εijk where Yijk is the individual observations, μ is the is the energy-protein interactions and εijk is the unexplained variation assumed normally and independently distributed. The significance of the diet effects was determined at P≤0.05. The treatment means were compared using the Duncan's multiple range test.
RESULTS AND DISCUSSION
Feed intake and daily gains
The effects of dietary treatments on the feed intake and growth performances are shown in Table 2 . There was no interaction between energy and protein levels on feed intake. The DM intake was affected by energy level but not by the protein levels of the diets. Similar trend was seen when DMI was expressed as percentage of body weight. Goats fed on high energy level had higher DM intake. The level of DM intake in all dietary treatments was considerably high, ranging from 5.1 to 5.7% BW. These levels of dry matter intake are comparable to the observation of Limea et al. (2009) in Carribran goats that reached level of feed intakes of 5.1 to 5.4 % BW. This high feed intake level in the present experiment could be associated with the type of diets offered as totally mixed ration in which all feed ingredients have been ground. Thus, the physical fill effect of the diet which could be a limiting factor of feed intake in ruminant animals may have been minimal in the present experiment. As goat kids fed on the higher energy diet the feed intake was higher as well. This might indicate that the high energy level used in this study may have not reached the dietary energy density that will limited DM intake. Rios-Rincon et al. (2014) found that the DM intake was limit when the level of metabolizable energy of diet is 3050 Kcal/kg. At lower metabolizable energy diets (ranging from 2380 to 2720 Kcal/kg), Wang et al. (2015) , however, did not detect the effect of dietary energy level on feed intake in Hanian black goats. The absence of crude protein level effects on feed intake observed in this study is in agreement with Wang et al. (2015) that offered goats with diets CP levels of 15 and 17% or with Rios-Rincon et al. (2014) offered lambs with diets of 14.5 and 17.5% CP contents. Some studies (Ebrahimi et al. 2007; Kioumarsi et al. 2008; Wang et al. 2015) indicated that the effects of crude protein levels of diets on feed intake to be more significant when the protein levels were set below 14%, although Boonsaen et al. (2017) did not find the effect of protein levels on feed intake in steers fed diets with CP level of 12 and 14%. Protein and energy level of diets did not significantly (P>0.05) affect average daily gains and final weights of the goats kids. As expected, increasing in feed intake resulted in increased crude protein and metabolizable energy intake. The calculated daily crude protein intake of goats in the low and high protein diets were 166 and 191g, respectively, while the metabolizable energy intake was calculated to be 2623 and 3108 Kcal/day in low and high energy diets, respectively. These figures are greater than those recommended by Mandal (2005) as daily crude protein requirement (84g) and metabolizable requirement (1800 Kcal/d) for growth of the Indian local goats. The crude protein and metabolizable energy requirement of Boer x Kacang crossbred goats used in this study might be higher than those of Indian goats, but the level of CP protein and the metabolizable energy intake in all dietary treatments may have been sufficient to fulfill the requirement for their optimal growth as indicated by the relatively high growth rate of goats in all dietary treatments. A greater growth rate was reported by Ryan et al. (2007) in Boer crossbred goat (125 g/d) and by Mahgoub et al. (2005) in Omani goats (133 g/d) when the animals were fed on high-concentrate diets.
Apparent nutrient and energy digestibility of dietary treatments are shown in Table 3 . The results indicated that there was no significant effect (P>0.05) of different metabolizable energy and crude protein levels on the apparent DM and OM and energy digestibility except the NDF digestibility, and no protein and energy level interaction was discovered. The apparent digestion coefficient of DM, OM and energy in all dietary treatments were considered to be high, which might be related to the relatively great proportion of highly digested ingredients used in the diets. Also, the physical process of diet in which each ingredient was ground to form the total mixed ration might have contributed to this relatively high digestibility coefficient of the nutrients. These results are comparable to the findings of Robinson et al. (2006) or Elamin et al. (2012) working on Nubian and dessert goats. Karimizadeh et al. (2017) discovered that processing feed into complete feed block or mash can improve the DM digestibility. The NDF digestibility was greater (P<0.05) in goat kids offered diet with lower energy density. This might be related to the significantly lower intake level of goat fed diet with low energy density. Although feed retention time was not measured in this study, lower feed intake may resulte in longer retention time of the feed in the reticulo rumen which allowed the animal to better digest the feeds.
The N balance by goat kids under varying dietary energy and protein levels is presented in Table 4 . There was no interaction (P>0.05) between energy levels and protein levels on the N balance. The daily average N intake by goat kids was significantly affected (P<0.05) by the energy and crude protein levels of the diet. Goats received diets with higher energy and protein levels consumed greater N compared to those fed diets of lower energy and protein levels. The fecal N output was not influenced by dietary energy and protein levels (P>0.05), although numerically, there was a trend that fecal N output was greater in goats when fed diets with higher protein and energy levels. A positive association between N intake and fecal N output has been observed by several authors (Pattanaik et al. 2003; Yang et al. 2014) . Urinary N output was influenced (P<0.05) by the dietary protein levels, but not by dietary energy levels. The greater urinary N output found in goat offered diet with higher protein levels in the present study was in accordance with results reported by several authors (Lohakare et al. 2006; Cantalapiedra-Hijar 2009) . A possible increase in the endogenous N losses due to increased feed intake in the higher protein level group could relate to the increasing urinary N output. The N retention (g/d) and N absorbed (as percentage of N retention) were affected (P<0.05) by the dietary protein level, but not by dietary energy levels. N retention is considered as the most common indicator of the protein nutrition status of ruminants. In the present study, positive N retention was observed in all dietary treatments and it is well accepted that N retention depends on the intake of nitrogen and the amount of fermentable carbohydrate of the diet. The greater N retention in the high protein level compared to the low protein level found in the present study might be associated the higher feed intake level. The similar N retention (as percentage of N intake) may be an indicative of the adequacy of metabolizable energy intake at the high or low protein level.
Blood metabolites are presented in Table 5 . There was no interaction of energy x protein. Concentration of urea N was not affected by the dietary energy level but it was greater P<0.05) in goats offered diet with higher protein level. The source of plasma urea-N was reported to be from the NH3 liver conversion of excess amino acids and from ruminal degradation of dietary crude protein (Huntington et al. 2001) . Thus, the higher BUN in the high dietary protein goats in present study should be from the greater crude protein intake that resulted in more amino acids transferred to the liver and more crude protein has been degraded in the rumen. The greater urinary N excretion in goats fed dietary with high protein level (Table 4 ) may be indicative of more protein has been degraded in the rumen, since there is a linear increase in urinary N with increasing protein degradation in the rumen (Javaid et al. 2008; Kalscheur et al. 2006) . Plasma glucose concentration was higher (P<0.05) in goats fed high energy level, but it was not affected the dietary protein levels. The plasma concentration ranged from 66 to 78 mg/dl and was comparable to those reported by Karimizadeh et al. (2017) fed goats diet with metabolizable energy concentration of 2500 Kcal/kg DM. This plasma glucose levels may indicative of adequate energy intake at both levels and related to the relatively high DM intake of the goats (Table 2) . Sing et al. (2013) found lower plasma glucose level (47-52 mg/dl) at lower DM intake (500-600 g DM/day) compared to the DM intake in the present study. This is supported also by the insignificant effects of dietary energy levels on the blood N level, since energy deficiency could result in in reduced blood glucose with concomitant increase in blood urea (Yurtman et al. 2002) . The insignificant effects of dietary protein level on the concentration of blood glucose observed in the present study were similar to result study of Meng et al. (2016) offered goats diet with crude protein level of 10, 12.5 and 15%.
CONCLUSION
The present study shows that the Boer x Kacang crossbred goats have high level of DM intake when offered feeds in the form of total mixed rations. At this high rate of feed intake this type of goats are able to gain optimally when offered feed with crude protein level of 16% and metabolizable energy density of 2850 Kcal/kg DM.
